Background/Aims: Both diaphragmatic excursion and change in muscle thickening are measured using ultrasonography (US) to assess diaphragm function and mechanical ventilation weaning outcomes. However, which parameter can better predict successful extubation remains to be determined. The aim of this study was to compare the clinical utility of these two diaphragmatic parameters to predict extubation success. Methods: This study included patients subjected to extubation trial in the medical or surgical intensive care unit of a university-affiliated hospital from May 2015 through February 2016. Diaphragm excursion and percent of thickening change (Δtdi%) were measured using US within 24 hours before extubation. Results: Sixty patients were included, and 78.3% (47/60) of these patients were successfully extubated, whereas 21.7% (13/60) were not. The median degree of excursion was greater in patients with extubation success than in those with extubation failure (1.65 cm vs. 0.8 cm, p < 0.001). Patients with extubation success had a greater Δtdi% than those with extubation failure (42.1% vs. 22.5%, p = 0.03). The areas under the receiver operating curve for excursion and Δtdi% were 0.836 (95% confidence interval [CI], 0.717 to 0.919) and 0.698 (95% CI, 0.566 to 0.810), respectively (p = 0.017). Conclusions: Diaphragm excursion seems more accurate than a change in the diaphragm thickness to predict extubation success.
INTRODUCTION
The appropriate timing of extubation is crucial in critically ill patients who wean from invasive mechanical ventilation. Early extubation causes post-extubation respiratory failure that result in reintubation and poor outcomes [1] . Delayed extubation leads to endotracheal obstruction, tracheal stenosis or pneumonia, which contributes to poor prognosis. Therefore, deciding the appropriate time for extubation remains a challenge to intensivists who care for critically ill patients.
There are several parameters to decide to extubate, but these have still have limitations to achieve successful extubation [2] . The diaphragm is the primary muscle of inspiration used for spontaneous breathing, therefore the assessment of diaphragm dysfunction is pivotal in patients to be subjected to weaning or extubation trial [3] . Although variable methods to evaluate diaphragm function are available [4] , ultrasonography (US) has emerged as a tool to predict weaning from mechanical ventilation or extubation in the intensive care unit (ICU) [5] . Diaphragm function can be assessed by two parameters, namely excursion and diaphragm thickness change during spontaneous breathing, which were associated with weaning or extubation [6, 7] . However, these two parameters had not been compared with each other to determine which one can better predict successful extubation.
The aim of this study was to compare the clinical utility of two diaphragmatic parameters to predict extubation success.
METHODS

Subject
From May 2015 to February 2016, subjects who were prepared for weaning and extubation were enrolled in the 28-bed medical or surgical ICU at a tertiary hospital. The clinical data were collected and analyzed, retrospectively. Patients were mechanically ventilated for at least 48 hours before spontaneous breathing trial (SBT). Patients were included when they met all of the following criteria for the SBT: age ≥ 18 years, FiO 2 < 50%, positive end-expiratory pressure level ≤ 5 cmH2O, respiratory rate ≤ 30 breaths/min, PaO2/FiO 2 > 200 mmHg, Glasgow coma score ≥ 14, and hemodynamic stability in the absence of vasopressors. The exclusion criteria were as follows: pregnancy, age < 18 years, and history of diaphragmatic palsy or neuromuscular disease.
Extubation was performed if all of the following criteria were satisfied during the 30 to 120 minute SBT: good tolerance to SBT, respiratory rate < 35 breaths/minute, heart rate < 140 beats/minute or heart rate variability ≤ 20%, oxygen saturation ≥ 90%, 80 mmHg < systolic blood pressure < 180 mmHg or < 20% change from baseline and absence of increased breathing work or distress signs.
This study was approved by the Institutional Review Board (IRB) of ethics committee of Gyeongsang National University Hospital (IRB No.: GNUH 2015-10-015-003). Informed consent was waived owing to the retrospective feature of this study.
Measurement of diaphragm excursion or thickness
Weaning trials consist of SBT (t-piece) or pressure support (PS) trials (reducing PS to 5 cmH2O with less than 5 cmH2O positive end-expiratory pressure). Both excursion and thickness of diaphragm (tdi) were measured on the same patients during tidal breathing. The diaphragm function was evaluated at right hemidiaphragm. All measurements were conducted by the same examiner (J.W.Y). The diaphragm movement was measured with a 2 to 5 MHz US probe (M-Turbo, Fujifilm SonoSite Inc., Bothell, WA, USA) placed over one of the lower intercostal spaces in the right anterior axillary lines for the right diaphragm and the liver serving as an acoustic window. A two-dimensional (2D) mode was used to search for the line of the right hemidiaphragm. An angle of more than 70° between the hemidiaphragm dome and US beam was applied. In the M-mode, the diaphragmatic excursion (displacement, cm) was identified and measured ( Fig. 1A and 1D ). The excursion amplitude was measured on the vertical axis tracing from the baseline to the point of maximum height of inspiration on the graph as previously described [5] . The tdi was measured using a 6 to 13 MHz linear US probe set to B mode (M-Turbo). The right hemidiaphragm was imaged at the zone of apposition of the diaphragm and rib cage in the mid-axillary line between the 8th and 10th intercostal spaces as previously described [8] . The tdi was measured at the end-expiration and end-inspiration (Fig. 1B, 1C, 1E , and 1F). The percent change in tdi (Δtdi%) between end-expiration and end-inspiration was calculated as follows (tdi end-inspiration-tdi end-expiration/tdi end-expiration) × 100 [7] .
Definition of extubation success or failure
Extubation success was defined as sustained spontaneous breathing for more than 48 hours following extubation without noninvasive ventilation. Extubation failure was defined as reintubation and application of noninvasive ventilation within 48 hours or requiring tracheostomy [9] . for noncontinuous variables. Chi-square or Fisher exact tests were used to compare categorical variables and Mann-Whitney U tests were used to compare continuous variables. Correlations were tested using spearman's method. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were calculated for excursion and tdi to predict extubation success. The receiver operating characteristic (ROC) curves were used to evaluate and compare the clinical utility of the diaphragm excursion and (Δtdi%) for extubation success. A p value < 0.05 was considered statistically significant. The data were analyzed using SPSS version 18.0 (SPSS Inc, Chicago, IL, USA) and MedCalc version 15.2.2 (MedCalc Software, Ostend, Belgium).
Statistical analysis
RESULTS
Baseline characteristics and diaphragm parameters assessed via US
Sixty patients were eligible during the study period. Fifty-five patients (91.7%) were subjected to weaning trial with T-piece and five patients (8.3%) had low PS ventilation. All patients were extubated within 24 hours of measuring diaphragm excursion and thickening change. The baseline characteristics are presented in Table 1 . The median age was 69.5 years (IQR, 57.5 to 76.0) and approximately 70% of the patients were male. Fifty patients (83.3%) were admitted to the medical ICU. About twothirds of the patients had hypoxemic respiratory failure. The median duration of invasive mechanical ventilation before the weaning trial was 5 days (IQR, 3 to 8.75).
The median diaphragm excursion was 1.53 cm (IQR, 0.89 to 1.9). The proportions of subjects with excursion degree more than 1 and 1.4 cm were 70% (n = 42) and 55% (n = 33), respectively. The median end-inspiration and end-expiration tdi were 0.29 cm (IQR, 0.22 to 0.35) and 0.2 cm (IQR, 0.17 to 0.24), respectively. The median Δtdi% between end-expiration and end-inspiration was 36.2% (IQR, 16.9 to 53.4). The proportions of Δtdi ≥ 20% and ≥ 30% were 71.7% (n = 43) and 61.7% (n = 37), respectively. 
Comparision of baseline and diaphragm parameters between patients with extubation success and failure
The duration between the measurement of excursion or tdi and extubation was within 24 hours for all subjects; 39 (65%) within 6 to 12 hours and 21 (35%) within 12 to 24 hours. Among sixty patients, 47 (78.3%) achieved extubation success, whereas 13 (21.7%) did not. Table 2 summarizes the comparison of baseline and clinical characteristics between subjects with extubation success and those with failure. A trend toward longer duration of mechanical ventilation was shown in subjects with extubation failure than those with extubation success. Table 3 compares the physiologic variables and diaphragm measurements at the time of weaning trial between subjects with extubation success and those with extubation failure. No differences were observed in terms of physiologic variables between two groups. Subjects with extubation success had significantly greater excursion degree than those with extubation failure. Additionally, Subjects with extubation success had a significantly greater Δtdi% than those with extubation failure. The diaphragm excursion degree was positively, but moderately, correlated with Δtdi% (r = 0.450, p < 0.001). The subgroup analysis of sonographic diaphragm parameters was performed based on the types of respiratory failure (Table 4 ). In hypercapnic respiratory failure, subjects with extubation success had significantly greater excursion degree and Δtdi% than those with extubation failure. In hypoxemic respiratory failure; however, no difference in excursion degree and Δtdi% was detected between the two groups. Table 5 shows the sensitivity, specificity, PPV, and NPV of sonographic indexes for patients with extubation success. Fig. 2 depicts the ROC curves for excursion degree and Δtdi%. The areas under the ROC curve for excursion degree and Δtdi% were 0.836 (95% confidence interval [CI], 0.717 to 0.919) and 0.698 (95% CI, 0.566 to 0.810), respectively with significant difference noted (p = 0.017). Values are presented as interquartile range. tdi, diaphragm thickness; Δtdi%, percent change of tdi between end-expiration and end-inspiration. Values are presented as median (interquartile range).
PF, partial arterial oxygen pressure/fraction of inspired oxygen; PaCO 2, arterial partial press of carbon dioxide; tdi, diaphragm thickness; Δtdi%, percent change of tdi between end-expiration and end-inspiration.
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DISCUSSION
The present study shows that about one fifth of the critically ill patients who underwent extubation trial experienced extubation failure and those with extubation failure had less diaphragm excursion degree and Δtdi%. These findings suggest that diaphragm US may be a useful tool to predict successful extubation as previously reported. The excursion degree had higher area under the ROC curve than Δtdi% in the prediction of extubation success, which suggests the degree of diaphragm excursion may be more accurate than Δtdi% to predict successful extubation. Extubation is an important process in the critically ill patients weaning from mechanical ventilation. Extubation is beneficial in terms of eliminating the work of breathing imposed by the endotracheal tube, lowering the risk for ventilator-associated pneumonia, enhancing patient comfort, and improving airway clearance by allowing an effective cough [10] . Extubation failure occurs in 10% to 30% of patients and is associated with poor prognosis [1, 11, 12] . The current study supports the previous findings that suggest an association between extubation failure and poor clinical outcomes. Therefore, proper extubation decision is crucial in improving the outcomes of critically ill patients. Some parameters are available to aid extubation decision, but they have several limitations [2] . Rapid shallow breathing index (RSBI) is used as a parameter deciding for the extubation timing during SBT, but its value is restricted to SBTs [13, 14] .
The diaphragm is the principal respiratory muscle, and plays a key role in respiratory movement [3] . Diaphragm dysfunction predisposes patients to respiratory complications, can prolong the duration of mechanical ventilation and lead to weaning failure, resulting in poor prognosis in critically ill patients admitted to ICU [3] . Therefore, the evaluation of diaphragm function become essential to manage critically ill patients.
Demoule et al. [15] reported on diaphragm dysfunction upon ICU admission using twitch tracheal pressure in response to bilateral anterior magnetic phrenic nerve stimulation. They showed that 64% of patients had diaphragm dysfunction, which was associated with a poor prognosis [15] . There were also several methods to evaluate diaphragm function other than phrenic nerve stimulation [16] . US has been paid an attention to noninvasive, feasible, and accurate method of evaluating diaphragmatic function at the bedside [17] . Boon et al. [18] reported recently that US is a sensitive and specific tool for the diagnosis of neuromuscular diaphragm dysfunction. Two sonographic techniques have been used for diaphragmatic evaluation; one is the evaluation of diaphragm motion using M-mode US, and the other is assessment of diaphragm muscle thickening change during respiration [5, 8, 19] . Several studies have evaluated the diaphragm function using US in the critically ill patients [6, 7, [20] [21] [22] [23] . Kim et al. [6] found that 29% of the patients with SBT had diaphragmatic dysfunction, which is defined as less than 1 cm in diaphragm excursion assessed through M-mode US. Additionally, they showed diaphragmatic dysfunction assessed via US was associated with weaning failure. They also suggested that the best diaphragmatic excursion cut-off values for predicting primary weaning failure may be at 14 and 12 mm for the right hemidiaphragm and left diaphragm, respectively and diaphragm US may be useful in identifying patients at high risk for weaning difficulty [6] . Valette et al. [20] investigated the prevalence of diaphragmatic dysfunction upon ICU admission using US. They found 10 patients (2.2%) with diaphragm dysfunction who were admitted to the ICU for acute respiratory failure with poor prognosis. This study indicated that diaphragm dysfunction was not uncommon upon ICU admission in patients with acute respiratory failure. The change of tdi was also measured to predict weaning from mechanical ventilation [7, 23] . DiNino et al. [7] investigated the association between Δtdi% at end-expiration and end-inspiration and extubation success during either SBTs or PS weaning trials. Their study showed that the combined sensitivity and specificity of Δtdi% ≥ 30% for extubation success were 88% and 71%, respectively. The PPV and NPV were 91% and 63%, respectively. They concluded that US measurement of diaphragm thickening in the zone of apposition may be useful to predict extubation success or failure during SBT or PS trials. The evaluation of diaphragm function assessed via US may be a useful index to predict weaning or extubation success.
Previous studies evaluated a single index of diaphragm US or compared to RSBI, but which sonographic indexes are better to predict extubation success remains to be elucidated. The current study showed that both aforementioned sonographic indexes are useful in the evaluation of diaphragm function to predict extubation success, which was supported by previous results [6, 7] . Furthermore, the present study showed that diaphragm excursion degree may be a better index than Δtdi% to predict extubation success.
Several limitations of the present study should be addressed. First, selection bias cannot be excluded due to a small sample size and retrospective design, in which extrapolation of the findings to other settings must be done cautiously. Data were acquired in only an 8-month time period. Therefore, it seems feasible to perform a prospective study in a relatively short time period as well. We also acknowledge that currently several prospective papers have been published on this topic, making the significance of the current findings rather limited. Second, diaphragm excursion or thickness measurement was not immediately conducted before extubation. US timing may affect the diaphragm excursion or thickness change. Third, we only performed US on the right hemidiaphragm, not on the left hemidiaphragm, which may affect the extubation outcomes. Fourth, RSBI was not at the same time, so comparison of sonographic index and RSBI is not possible. In addition, we did not evaluate the diaphragm strength using magnetic phrenic nerve stimulation considered as currently the gold standard [15] and compare it with sonographic findings. Fifth, both medical and surgical critically ill patients were included and we did not limit the specific disease to evaluate diaphragm function through US. These factors might have an influence on the lower sensitivity or specificity of tdi than those of previous study.
In conclusion, US may be a valuable tool in the evaluation of diaphragm dysfunction and to predict extubation success. The diaphragm excursion degree obtained using US during SBT seems more accurate than the diaphragm thickening change to predict extubation success.
